INTRODUCTION {#sec1-1}
============

The word "stress" is a state involving demand on physical or mental energy; a condition or circumstance (not always adverse), which can disturb the normal physical and mental health of an individual. In medical parlance stress is defined as a perturbation of the body\'s homeostasis.\[[@ref1]\] The pressures and demands that cause stress are known as stressors. The presence of a stressor does not automatically result in disabling stress symptoms. The degree to which any stressful situation or event impacts one\'s daily functioning. An acute stress is so usual that each and every one of us is exposed to it and it may not produce any notable physical and mental change unless or otherwise exposed to it for several days.\[[@ref2]\] Chronic stress grinds away at the mental health, causing emotional damage in addition to physical ailments. Long-term stress can even rewire the brain, leaving the person more vulnerable to everyday pressures and less able to cope.\[[@ref3]\]

Immobilization stress is produced when the animal\'s movements are restricted to a small floor area. Immobilization stress belongs to severe stressors and is known to activate several calcium transport systems.\[[@ref4]\] Higher oxidative stress reportedly plays a key role in muscle damage caused by immobilization and subsequent remobilization.\[[@ref5]\] Immobilization stress induces the formation of reactive oxygen species (ROS) and leads to the oxidative injury in various tissues.\[[@ref6]\] The effects of immobilization stress on peripheral blood cell distribution, plasma level of thiobarbituric acid reactive substances (TBARS), and activities of antioxidant enzymes in erythrocytes were investigated in male wistar rats.\[[@ref7]\] A significant increase in plasma TBARS was observed during and after the stress.\[[@ref8]\] Dramatic increases in neutrophils and monocytes implied that ROS formation resulted from their activation.\[[@ref9]\] Furthermore, the antioxidant activities of catalase (CAT) and superoxide dismutase (SOD) in erythrocytes were dramatically increased during and after the stress, while a large fall in erythrocyte number was observed.\[[@ref10]\] These findings suggest that the activation of immune cells can be a source of the immobilization-induced ROS production, and that antioxidant enzymes in erythrocytes play an important role in preventing the ROS-induced injuries.\[[@ref11][@ref12]\]

*Celastrus paniculatus* is a member of the Celastraceae family and is a large, woody climber (called a climbing shrub), with a yellow, corky bark.\[[@ref13]\] It grows throughout India, and has been reported to grow as tall as almost 2000 m. The plants exhibit varying degrees of therapeutic values, some of which are its use in the treatment of cognitive dysfunction, epilepsy, insomnia, rheumatism, gout, dyspepsia.\[[@ref14]\] Oil from the seeds (called as Jyothismati oil, JO), which contains the alkaloids celastrine and paniculatin in varying amounts, is the most commonly used plant part.\[[@ref15]\] Jyothismati is bitter in taste and hot in potency. The seeds and seed oil have great medicinal value. Externally, the seed oil is used for massage with great benefit, especially in vata diseases like sciatica, lumbago, paralysis, arthritis and facial palsy.\[[@ref16]--[@ref19]\] This has been in use in indigenous medicinal systems for centuries with known brain stimulating and antioxidant effects and hence its effect was tested against immobilization-induced stress in albino mice. The primary objective of this work was to determine the stress relieving effect of JO in immobilized animals so that this could be clinically tested in persons whose mobility is restricted to a limited space for a longer duration, viz., the professionals working in computer-related jobs remain immobilized for several hours a day, and bedridden patients might also develop stress due to their longer immobilization. In such conditions, the outcome of this work would pave a new way in treating this stress induced by immobilization.

MATERIALS AND METHODS {#sec1-2}
=====================

Swiss albino mice of both sexes were used for the experimental study. The average body weights of the animals were 25--30 g. The animals were housed in polypropylene cages maintained in a well-ventilated room with 12 hours day and night cycle. The animals were fed with standard pelleted diet and water *ad libitum*. The experiments were carried out in accordance with the guidelines of the institutional animal ethical committee. The animals were grouped into eight groups of six in each group, after acclimatization for 2 days in the laboratory conditions. Group I animals served as the control, in group II acute immobilization stress was induced, and in group III chronic immobilization stress was induced. Group IV, V, VI, VII and VII animals were pretreated with the oil. Animals of groups V and VI were exposed to acute immobilization stress and groups VII and VII were subjected to chronic immobilization stress.

Drug preparation {#sec2-1}
----------------

Exactly 0.5 ml of *C. paniculatus* seed oil (JO) was solubilized in 1% Tween 20 and 5% dimethyl sulfoxide (DMSO) was the solvent. One milliliter of DMSO and 0.2 ml Tween 20 made up to 20 ml was used as the vehicle. Five milliliters of this solution would contain 0.5 ml of the oil and 4.5 ml of the vehicle such that the concentration of 0.5 ml of oil was about 500 mg.

Induction of immobilization stress {#sec2-2}
----------------------------------

The animals were adapted to the experimental conditions by daily handling for 7 days to avoid manipulative stress. On the day of experiment, the cages containing the mice were moved to a laboratory and left there for at least 2 hours to acclimatize to the experimental environment. The mice were restrained on a small transparent plastic cage of standard dimension 3" × 3" × 3" with holes for breathing. For acute immobilization stress, they were kept isolated for 6 hours in the cage after pre-treatment and for chronic immobilization the same process was continued for 7 days. They were then released and returned to their home cages. The animals belonging to group IV were pre-treated with the oil (with the maximal dose used) from day 1 after 7 days of acclimatization for another 7 days. The animals belonging to groups V and VII were treated with the oil (200 mg/kg of body weight) and the mode of administration was through intraperitoneal injections (i.p.). The animals belonging to groups VI and VIII were treated with JO oil 400 mg/kg of body weight. The animals of groups II, V and VI were sacrificed on day 9 after acute immobilization induction. Serum was collected and the brain was dissected out, blotted dry and preserved for analysis. The animals belonging to groups III, VII and VIII were pretreated with the respective concentration of the oil for 7 days and immobilization was induced on 8^th^ day and was continued for another 7 days till day 14, along the drug treatment as well and sacrificed on day 15. Brain tissue was dissected out and stored for analyses. Serum was utilized for biochemical analysis. To determine the activity of antioxidant enzymes, tissue homogenates (brain) were centrifuged at 10,000 g for 15 minutes (4°C) to sediment mitochondria. The supernatant was recentrifuged for 30 minutes. The resulting supernatant was used for measuring cytosolic enzymes. The activities of the enzymes SOD,\[[@ref20]\] CAT,\[[@ref21]\] glutathione peroxidase (GPx),\[[@ref22]\] glutathione reductase (GR),\[[@ref23]\] glutathione *S*-transferase (GST)\[[@ref24]\] and lipid peroxides\[[@ref25]\] were studied using spectrophotometer. The protein concentrations present in the extracts were determined by Lowry\'s method\[[@ref26]\] initially. The activities of the enzymes studied are expressed as units per milligram of protein by Lowry procedure. The results were statistically analyzed for significance by student\'s '*t*' test.\[[@ref27]\]

RESULTS AND DISCUSSION {#sec1-3}
======================

From the earliest times, herbs have been prized for their pain-relieving and healing abilities and today we still rely largely on the curative properties of plants. Over the centuries, societies around the world have developed their own traditions to make sense of medicinal plants and their uses. Some of those traditions and medicinal practices may seem strange and magical, others appear rational and sensible, but all of them are attempts to overcome illness and suffering, with an aim to enhance the quality of life. The brain is the most complex organ of our body and hence no wonder that only a very few drugs have been approved by regulatory authorities for treating multifactorial ailments alike Alzheimer\'s disease. The oriental system of medicine like "Ayurveda" which is as old as 5000 years, had classified selected plants under "medhya rasayanas". In Sanskrit, "medhya" means intellect/cognition and "rasayana" means "rejuvenation". These are used both in herbal and conventional medicine and offer benefits that pharmaceutical drugs lack, helping to combat illness and support the body\'s efforts to regain good health and intellect. The experimental plant of our interest *C. paniculatus* is widely used in the indigenous medicinal systems from ancient times for neurophyschological disorders.\[[@ref28]\] Hence, the plant\'s seed oil (JO) was selected for scientifically validating its curative effect in immobilization stress induced mice, produced by virtue of its antioxidant effect.

Stress is defined as a disruption of homeostasis,\[[@ref29]\] and stimuli that challenge homeostasis are designated as stressors. Stressors can be divided into three general categories:\[[@ref30]--[@ref32]\] 1) physical (for example, restraint, foot shock, and exercise); 2) psychosocial, including isolation , anxiety, fear, or mental frustration; and 3) metabolic, including upright tilt, heat exposure, hypoglycemia, and hemorrhage. Stress has been further subdivided based on duration as acute (single, intermittent, and time-limited exposures) and chronic (intermittent and prolonged or continuous exposures). Stressors used in research are often of a mixed type. For example, immobilization stress is a mixture of physical and psychological stressors, restricting movement and isolating the individual from its group.\[[@ref33]\] In adult mice, IMO stress induced a sharp rise in serum marker enzymes and fall in tissue antioxidant levels relative to unstressed controls. It is likely, therefore, that IMO stress, as an acute stressor, does not decrease the levels of the marker and antioxidant enzymes only to a lesser extent, which agrees with data from other laboratories.\[[@ref34]--[@ref37]\] This contrasts with chronic stress where there is evidence for decreases in the marker enzyme concentration and increase in antioxidant enzymes.\[[@ref38]\] Stress induced by immobilization (restraint stress) is particularly effective because it combines physical stress (i.e., increased muscular work) and emotional stress (i.e., enhanced flight reaction). Here, we used this well-established model of stress to investigate for the first time the effects of stress induced by immobilization at a definite number of immobilization sessions (i.e., 1 (acute) and 7 (chronic) immobilization sessions).

The tissue (brain) total protein was analyzed by Lowry *et al*\'s method. The protein value was found to be decreased in the tissue of animals belonging to acute and chronic immobilization stress induced groups and it was more pronounced in chronic stress induced animals. On treatment with the JO, the reversal of the concentration was identified and it was dose dependent, increase in dosage increased the protein concentration. The protein levels in animals treated with the oil alone was near normal. Significant increase was noted in chronic stress induced animals treated with 400 mg of the drug. This decrease in the total protein content might be attributed to the degeneration of tissue protein in the brain.\[[@ref39]\] The degree of decrease was directly proportional to the exposure of animals to stressed condition.\[[@ref40]\] Hence, the decrease was profound in chronic immobilization than in acute immobilization \[[Table 1](#T1){ref-type="table"}\]. The pretreatment (acute and chronic) and cotreatment (chronic) to immobilized animals significantly increased the protein level which is an indication of lesser tissue degeneration or necrosis.\[[@ref41]\]

###### 

Antioxidant enzyme levels in acute and chronic immobilization stress induced albino mice and those treated with JO
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SOD, CAT, and GR are known to be inactivated *in vitro* by H~2~O~2~, O~2~^−•^and OH^•^, respectively. SOD and CAT are major antioxidant defence components that primarily catalyze the conversion of superoxide radical O~2~^−•^ to H~2~O~2~ (SOD) and decomposition of H~2~O~2~ to H~2~O (CAT). H~2~O~2~ is normally detoxified in cells by either CAT and/or GPx. GPx catalyzes the reduction of H~2~O~2~ by reduced glutathione (GSH). GSH is readily oxidised to glutathione disulfide (GSSG) by the GPx reaction. GSSG can be reduced by NADPH-dependant reaction catalyzed by GR.\[[@ref42]\] The immobilization stress induced by both acute and chronic immobilization resulted in the decrease of the enzymes levels of SOD (Cu-Zn SOD), CAT, GPx, GST and GSH.\[[@ref43]\] On treatment with the *C. paniculatus* seed oil, the levels increased significantly and the effect was greater in chronic immobilization stress induced animals which received nearly 14 days of drug treatment than the acute immobilized mice. The decrease in the levels from normal was drastic in chronic immobilization than in acute type and increase in levels of these antioxidant enzymes in the treated group was significant \[[Table 1](#T1){ref-type="table"}\].

The free radicals generated as a result of immobilization stress induction propagate a chain reaction, leading to lipid peroxidation in cellular membranes, destruction of Ca^2+^ homeostasis, induction of neuronal cell injury and finally resulting in cell death.\[[@ref44]\] In this study, the TBARS level was significantly increased during stress condition and was found to be decreased on treatment with oil; this effect was also dose dependent \[[Table 1](#T1){ref-type="table"}\]. The oil caused a decrease in TBARS level in enzymatic assay in immobilization stress induced animals. The enzymatic NADPH-dependant Lipid Peroxide(LPO) is catalyzed by the NADPH-cytochrome P450 reductase and propagated by cytochrome P450 with generation of free radicals, i.e, O2^−•^ and ROO^•^. The oil of *C. paniculatus* might have inhibited the activity of NADPH-dependant LPO due to its association with its free radical scavenging ability \[[Table 1](#T1){ref-type="table"}\]. Elevations in the levels of products of free radicals like TBARS in brain of acute and chronic stress induced group again support the low antioxidant enzyme activity that elevates the lipid peroxidation while TBARS is the product of lipid peroxidation. Another possibility for such an elevation in TBARS may be due to ischemia-reperfusion phenomenon\[[@ref45][@ref46]\] or due to high rate of catecholamine secretion that generates free radicals either through auto-oxidation or through metal ion or superoxide-catalyzed oxidation\[[@ref47]\] \[[Table 1](#T1){ref-type="table"}\].

Immobilization-induced oxidative stress in mice brain has been established here by noting the low activities of SOD, CAT, GST, important antioxidant enzymes, which is consistent with the observation of others.\[[@ref48]\] The decrease in antioxidant enzyme activities due to immobilization might be due to their use against the free radicals destruction and/or their inhibition by free radical species.\[[@ref49]\] It is well established that SOD activity is inhibited by hydrogen peroxide that reduced Cu^+2^ to Cu^+1^ in SOD.\[[@ref50]\] The reduced Cu^+1^ can act as a promoter of hydroxyl by Haber-Weis reaction. Low antioxidant enzyme activities further facilitate the increased susceptibility to lipid peroxidation.\[[@ref51]\] The reduction of hydrogen peroxide is catalyzed by CAT that protects the tissues from highly reactive hydroxyl radicals.\[[@ref52]\] Reduction of hydrogen peroxide and hydroperoxides to non-toxic products is catalyzed by GST and peroxidase. Hence, JO was efficient in combating the free radicals produced due to the immobilization stress induced with the help of restrainers. The key findings of this research are that the antioxidant nature of this oil would probably relieve stress in individuals who remain immobilized either due to their job profile or physical conditions.

CONCLUSION {#sec1-4}
==========

The antioxidant rich *C. paniculatus* seed oil, JO, was found to be efficient against immobilization stress induced in the groups of animals. It was more pronounced in case of the animals receiving chronic immobilization stress. In acute stress, the reversal of the conditions was recorded within 24 hours and the effects were dose dependant, increase in the dosage increased the activity. Several works need to be carried out to ascertain the molecular mechanism of stress release in the case of immobilization stress and develop a new therapeutic molecule using JO oil.
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